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Translation of Japanese Reference 
METHOD FOR MEASURING BIOCHEMICAL OXYGEN DEMAND 
Claims 

1 . A method for measuring biochemical oxygen demand comprising: 

measuring a decreased amount of dissolved oxygen by contacting a microorganism 
electrode with a test solution, and 

determining the biochemical oxygen demand using a proportional relationship between 
the decreased amount of dissolved oxygen and the biochemical oxygen demand, 

wherein the microorganism electrode comprises a microorganism-immobilized 
membrane placed on a separating membrane of an oxygen electrode, and wherein the 
microorganism-immobilized membrane is obtained by immobilizing a microorganism that 
catabolizes organic materials and consumes oxygen on a membranous carrier so as to maintain 
its physiological activity. 

Detailed Description of the Invention 

The present invention relates to a method for determining biochemical oxygen demand 
(herein after abbreviated as BOD) in very simple manner. More specifically, the invention 
relates to a simple method for determining the BOD level in which a microorganism electrode 
comprising an immobilized microorganism that catabolizes organic materials and consumes 
oxygen placed on a separating membrane of an oxygen electrode is immersed in wastewater (test 
solution), and the decrease in the amount of dissolved oxygen is determined from the measured 
electric current (or voltage). 

Recently, with the rapid expansion of a wide variety of industries, environmental 
pollution caused by the wastewaters from those industrial plants has become a serious problem 
to our society. Accordingly, in April, 1 970, 'the environmental standard regarding water 
pollution" was approved by the Japanese Cabinet, and among a variety of items regarding the 
water quality related to environmental pollution of rivers, lakes, and the like, the measurement of 
BOD, which is one of the indicators for general pollution, became an important item as the 
wastewater standard. 

Currently, the method for measuring BOD is defined in detail by the Japanese Industrial 
Standards (the method for testing industrial wastewater: JISKO 102- 1972). However, this 
method requires to maintain wastewaters at 20°C undisturbed for 5 days before measuring the 
decrease in the amount of dissolved oxygen, and thus, it takes five days to determine whether the 
wastewaters are within the standard, and until then, the wastewaters must be stored under a strict 
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control. In addition, the range of the BOD level measurable by the method is very narrow, and 
dilution of the original water is troublesome. Furthermore, to improve the preciseness of the 
measurement, the person who conducts the measurement needs skills. Moreover, the 
measurement employs a batch method, which makes its automation impossible. Therefore, this 
5 method is extraordinarily cumbersome and has numerous drawbacks. 

Improved devices have been designed aiming at automation (PPM Vol 2, No. 8, Nihon 
Kogyo Shimbun, pp. 1 4-25). However, with these devices, it still takes more than half a day for 
the measurement, and at each measurement, a certain amount of microorganisms has to be 
inoculated to the original wastewater. Thus, the improved method has still a drawback of being 
10 cumbersome. 

The present inventors conducted a variety of studies to make this cumbersome and 
defective BOD measurement simple and easy. As a result, they found a correlation between the 
level of BOD and the decrease in the amount of dissolved oxygen in wastewater when the 
wastewater was contacted with a microorganism electrode, which comprises a 

1 5 microorganism-immobilized membrane, in which a microorganism is immobilized in a form of 
membrane, placed on an oxygen electrode, and thus completed the present invention. 

Thus, the present invention provides methods for determining BOD, comprising 
measuring a decreased amount of dissolved oxygen by contacting a microorganism electrode 
with a test solution, and determining the biochemical oxygen demand using a proportional 

20 relationship between the decreased amount of dissolved oxygen and the biochemical oxygen 
demand, wherein the microorganism electrode comprises a microorganism-immobilized 
membrane placed on a separating membrane of an oxygen electrode, and wherein the 
microorganism-immobilized membrane is obtained by immobilizing a microorganism that 
catabolizes organic materials and consumes oxygen on a membranous carrier so as to maintain 

25 its physiological activity. 

The microorganism electrode of the present invention, i.e. BOD-measuring device, can 
determine the BOD level in sample waters in extremely short time such as within 30 minutes, 
and can measure a wide range of BOD level. In addition, the measured values are highly 
reproducible and precise. Moreover, since the microorganism is immobilized, the device is 

30 very stable, eliminating the need for microorganism inoculation at each measurement, and can be 
used repeatedly for long time. Thus, the device has not only many greater advantages 
compared to the conventional methods, but also is amenable for automated operation. 
Therefore, the industrial impact of the device should be substantial in actual use. 

The microorganism used in the present invention is selected from a group of 

35 microorganisms that are able to catabolize organic materials and consume oxygen. 

Microorganisms used include aerobic microorganisms having the above ability such as bacteria, 
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fungi, actinomycetes, or the like. Examples of bacteria include Pseudomonas fluorescence, 
Bacillus subtilis, and Pseudomonas aeruginosa; examples of fungi include Aspergillus niger, and 
Rhizopusformosaensis; and examples of actinomycetes include Streptomyces griseus. These 
are, however, merely examples, and generally, mixed microorganisms obtained from soil, 
5 activated sludge, or the like may be used. 

The microorganisms are cultured in media suitable for their growth, harvested at the 
exponential growth phase where the viability of those microorganisms is very high, washed and 
then resuspended in physiological saline or the like, and then immobilized The 
microorganisms are immobilized in a form of membrane using a well-known immobilizing agent 

1 0 such as polyacrylamide, collagen, and the like according to the known methods. The 
immobilized microorganisms are placed on the membrane of the oxygen electrode. 

Fig. 1 shows an example of the microorganism electrode of the present invention. The 
numbers indicate as follows: 1. microorganism-immobilized membrane; 2. Teflon (registered 
trade mark) membrane (the separating membrane of the oxygen electrode); 3. platinum cathode; 

15 4. lead anode; and 5. electrolyte of potassium hydroxide. 

Fig. 2 shows an example of the system for determining BOD using the microorganism 
electrode of the present invention. 1 . Microorganism electrode; 2. amplifier circuit for the 
electric current; and 3. recorder. The organic material content in wastewaters is determined 
from the electric current value measured by the above device. Since the system shown in Fig. 2 

20 exemplifies the principle of the method for determining BOD in the present invention, the actual 
measurement device may be simplified and made portable, and thus, the configuration may be 
substantially modified. 

In the determination of BOD level using the device of the present invention, the organic 
materials in wastewater are brought in contact with the immobilized microorganism, and 

25 catabolized by the microorganism, and thereby oxygen is consumed. 

BOD level is determined in a saturated oxygen condition as a sample wastewater is 
continuously aerated (Fig. 1). When the above microorganism electrode is immersed into 
wastewater, organic materials in the wastewater are catabolized by the immobilized 
microorganism, causing a decrease in the oxygen near the microorganism, and thereby leading to 

30 a gradual decrease in the electric current. Because the oxygen consumption by the immobilized 
microorganism is dependent on the concentration of organic materials in the wastewater and is 
constant, there is a balance established between the diffusion of oxygen from wastewater and the 
consumption of oxygen by the immobilized microorganism, and thereby, a constant electric 
current is obtained. Therefore, if the correlation between the decrease in the electric current or 

35 the balanced electric current and BOD is determined in advance using standard solutions, the 
BOD level in sample wastewater can be calculated by comparing the BOD with the electric 
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current value measured by the above device. 

Next, the present invention will be explained with reference to the Test Examples. 

[Test Example 1] 

5 Ten ml of soil extract obtained according to the method defined by the Japanese 

Industrial Standard (JIS K0102-1974) was added to 80 ml of medium composed of 1% glucose, 
1% peptone, and 1 % meat extract, cultured with aeration at 30°C for 24 hr, and then harvested by 
centrifugation. One gram of wet microorganism was mixed with 1 00 g of 1% collagen fibril 
suspension (pH 4.0), casted onto a Teflon plate, and dried at 20°C. The dried 

10 microorganism-containing collagen membrane was immersed in 0.1% glutaraldehyde for 1 min 
to tan, and dried again. This microorganism-containing membrane was cut into 5 cm 2 and then 
immobilized on the Teflon plate of the oxygen electrode with rubber bands to make a 
microorganism-immobilized electrode (BOD-measuring device). This 
microorganism-immobilized electrode is dipped into solutions to be measured, and the electric 

1 5 current (balanced electric current) is read to determine the BOD level of the solution. 
Measurement time was examined using the above BOD-measuring device. The 
glucose-glutamate standard solution, which is defined as standard wastewater by JIS (150 mg 
glucose and 1 50 mg glutamate dissolved in 1 liter of water), was used. This was diluted to 
prepare solutions with the BOD levels of 6, 16, and 22 ppm, and each concentration was 

20 measured. The results are shown in Fig. 3 . 

In Fig. 3, A, B, and C show the electric currents for the BOD levels of 6, 1 6, and 22 
ppm, respectively. The results indicate that the electric currents for the BOD levels from 6 to 
22 ppm reached a constant level within 20 min, indicating that wide range of BOD can be 
determined within 20 min. 

25 

[Test Example 2] 

The balanced electric currents measured by the device made in Test Example 1 were 
compared with the BOD levels according to JIS. The standard water used in Test Example 1 
were diluted to various concentrations and used as standard wastewaters. Fig. 4 shows the 
30 correlation between the balanced electric current and BOD. There was clearly a proportional 
relationship between the electric current values measured by the device of the present invention 
and the BOD levels determined by the conventional method, indicating that the device of the 
present invention, like the conventional method, can be used for determining BOD. 



35 [Test Example 3] 

The device made in Test Example 1 was used to examine the reusability of the device 
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for determining BOD. Ten % solution of the standard water was used to measure the BOD 
level three times a day over 1 0 days. As shown in Fig. 5, there was no change in the electric 
current between measurements, indicating that the device can be reused for long time. 

5 [Test Example 4] 

The preservation stability of the microorganism-immobilized electrode was examined 
using the device made in Test Example 1 . The electrode was immersed in 0. 1 M phosphate 
buffer (pH 7.0) containing 0.25 M glucose, and stored at 3°C for 3 months. As shown in Table 
1 , the determined BOD levels were not much changed, indicating that the preservation stability 
10 of the electrode is excellent. 

Table 1 . Preservation stability of microorganism electrode 



Day 


BOD (ppm) 


0 


16.5 


20 


17.0 


40 


16.7 


60 


16.2 


90 


16.0 



Sample solution: 10% solution of the standard solution 
35°C 

15 

As shown in the above Test Examples, the BOD-measuring device for the method of the 
present invention has great advantages compared with the conventional methods in that the 
device can measure the BOD level of sample wastewater in a very short time of 30 min or less, 
and can also measure a wide range of BOD, as well as can be automated. Thus, the industrial 
20 impact of the device is expected to be substantial. 

Next, Examples of the present invention are described below. 

[Example 1] 

Five ml of soil extract was added to 100 ml of medium composed of 1% glucose, 1% 
25 peptone, and 1% meat extract, and cultured at 30°C for 24 hr with aeration. Wet 

microorganisms harvested by centrifugation, and 2 g of them was mixed with 100 g of 1% 
collagen fibril solution (pH 4.0), spread onto a Teflon plate, and dried. This 
microorganism-containing collagen membrane was immersed in 0.1% glutaraldehyde solution 
for 2 min, and then dried. The membrane was cut into 4 cm x 4 cm pieces and then 
30 immobilized on the separating membrane of the oxygen electrode to make a microorganism 
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electrode. The electrode was immersed in wastewater from an alcohol fermentation factory, the 
electric current was read after 30 min 5 and its correlation with the BOD level determined by the 
method according to JIS was examined. The results shown in Fig. 6 clearly indicate that there 
is a proportional relationship between the electric current measured by the device of the present 
5 invention and the BOD level determined by the method of JIS, and that the BOD level can be 
calculated from the measured electric current. Moreover, the relationship between the electric 
current and BOD of the wastewater was in very good agreement with the relationship between 
the electric current and BOD of the standard solution obtained in Test Example 2. 

[Example 2] 

One ml of extract of activated sludge from the wastewater plant of a slaughterhouse was 
cultured in 500 ml of medium composed of 1% glucose, 1% peptone, and 1% meat extract at 
37°C for 24 hr with aeration. Microorganism was harvested by centrifugation, and resuspended 
in 1 ml of physiological saline. 90 mg of acrylamide monomer and 10 mg of N, 
N'-methylene-bis-acrylamide monomer were added to 1ml of the microorganism suspension. 
Potassium persulfate was added and polymerized at 20°C on a Teflon plate to prepare a 
microorganism-containing polyacrylamide membrane. The acrylamide membrane was 
reinforced by covering it with 4 cm x 4 cm of women's nylon stockings, and immobilized on the 
separating membrane of the oxygen electrode with rubber bands to make a device shown in Fig. 
1 . The device was used for measuring actual wastewater from a slaughterhouse. The results 
shown in Fig. 7 indicate that there was a proportional relationship between the electric current 
measured by the device and the BOD level determined by the method of JIS, and that the BOD 
level can be determined by measuring the electric current using the device. 

25 [Example 3] 

The BOD level of wastewater from a food factory was measured using the same device 
as described in Example 1, and compared with the BOD level determined by the method defined 
by JIS. The results shown in Fig. 8 indicate that there was clearly a proportional relationship 
between the two values, and that the BOD level of actual wastewater can be determined simply 
30 by measuring the electric current. 

Brief Description of the Drawing s 

Fig. 1 illustrates an example of the microorganism electrode of the present invention. 
Fig. 2 illustrates an example of the BOD-measuring system using the microorganism 
3 5 electrode of the present invention. 

Fig. 3 is a graph showing a response curve of the microorganism electrode of the present 
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15 



20 
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invention. 

Fig. 4 is a graph showing the relationship between the electric current measured for the 
standard solution using the microorganism electrode of the present invention and the BOD level. 
Fig. 5 is a graph showing the reusability of the microorganism electrode of the present 
5 invention. 

Fig. 6 is a graph showing the relationship between the electric current measured for 
wastewater from an alcohol fermentation factory using the microorganism electrode of the 
present invention and the BOD level of the wastewater. 

Fig. 7 is a graph showing the relationship between the electric current and the BOD 
1 0 level of wastewater from a slaughterhouse. 

Fig. 8 is a graph showing the relationship between the electric current and the BOD 
level of wastewater from a food factory. 
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